Over the last decades lanthanides due to their high oxophilicity have provoked increasing interest in organic chemistry. Numerous examples for their versatile utility are known.
2 Catalytic processes, however, which take advantage of the unique properties of lanthanides are still rare. Recently, we have reported that cerium(III)-alkoxides catalyze the reductive coupling of carbonyl compounds to the corresponding pinacols highly diastereoselectively and in excellent yields. The addition of diethylzinc to aldehydes is currently under investigation by a number of research groups, which have already reached significant success regarding chemical yields and enantiomeric purities of the addition products. The use of catalytic amounts of enantiomerically pure aminoalcohols as Lewis bases as well as the use of chiral transition metal complexes as Lewis acids, e.g. titanium, are commonly described. [4] [5] [6] Herein, we wish to report the first example of a cerium(III)-catalyzed addition of diethylzinc to carbonyl compounds. To the best of our knowledge this reaction has not yet been described with other lanthanide compounds.
We have observed that the addition proceeds in excellent yields with the use of trimethylsilylchloride as a scavenger in THF and with anhydrous cerium(III)-chloride as catalyst. Optimization of the catalyst amounts was investigated first. Applying cerium(III)-chloride in stoichiometric quantities the addition product of diethylzinc to benzaldehyde was isolated almost quantitatively. Decreasing the amount of cerium(III)-chloride allowed the reaction to proceed in excellent yields. Optimal reaction conditions were determined by using 5 mol% CeCl 3 , 1.5 equivalents TMSCl and 2.0 equivalents diethylzinc.
As a second reaction parameter the influence of the reaction temperature on the yield was optimized. The results of the cerium-catalyzed addition of diethylzinc to benzaldehyde are shown in Table 1 . Variation of the reaction temperature in a range from -78°C to -50°C led to low yields of phenyl-1-propanol only ( Table 1 , entries 1 and 2). By increasing the reaction temperature higher yields of the addition product were observed ( Table 1 , entries 3 and 4). The optimal reaction temperature was room temperature (93% yield, Table 1 , entry 5). Higher reaction temperatures resulted in lower yields probably caused by decomposition of diethylzinc (Table 1 , entry 6).
Scope and limitations of the presented cerium catalyzed addition reaction were investigated next. Different carbonyl compounds were converted to their addition products under the optimized reaction conditions described above. The reaction of aromatic and aliphatic aldehydes led to excellent yields and the corresponding secondary alcohols were isolated in more than 90% yield (Table 2 , entries 1-3). Acetophenone was converted in 87% yield to 1-methyl-1-phenyl-propion-1-ol (Table 2 , entry 4).
To discuss the regioselectivity of the reaction, the ceriumcatalyzed addition of diethylzinc to benzylidenacetone was investigated. It proceeded in a highly 1,2-selective manner with a yield of 73% (Table 2, entry 5). The 1,4-product was not isolated. The lower reactivity of ketones in comparison to aldehydes resulted in decreasing yields First publ. in: Synlett 2002 Synlett , 11, pp. 1922 Synlett -1924 Konstanzer A disadvantage of TMSCl as a scavenger is its ability to mediate the addition of diethylzinc to aldehydes, even without a catalyst, up to 20% at room temperature. 7 The fact that the reactivity of diethylzinc increases as the polarity of the solvent decreases enabled us to show that, presumably due to enhanced transmetalation, the CeCl 3 ×(THF) 2 complex alone is sufficient to catalyze the addition reaction when toluene is used as solvent (Table 3 , entries 1 and 2). Due to side reactions longer reaction times do not improve yields significantly. Low solubility of CeCl 3 ×(THF) 2 in toluene causes lower concentration of active catalyst which prohibits higher yields. To improve solubility, mixtures of toluene and THF were investigated and optimal yields were obtained using a 5:1 ratio (Table 3 , entry 3).
Cerium(III)-isopropoxide
8 is readily soluble in toluene and therefore it is possible to avoid complex solvent mixtures. Optimized reaction conditions require the use of only 5 mol% Ce(i-PrO) 3 and 2 equivalents of diethylzinc (Table 3, entry 6 ). An extended reaction time increased the yield significantly (Table 3 , entry 7), whereas prolonged reaction times of more than 34 hours led to side reactions such as the Meerwein-Ponndorf-Verley reduction, but no pinacol coupling was observed. Even after these long reaction times starting material was still remaining in all cases. Table 4 shows a few examples of the Ce(O-i-Pr) 3 system. 9 They illustrate that electron withdrawing nitrile substituents in para-and meta-position led to improved yields of addition product. ortho-Substitution causes a decrease in yield presumably due to steric effects.
The electron donating methoxy substituent prevented any addition reaction at room temperature and required harsher reaction conditions (Table 4 , entry 4).
In summary, we developed a novel cerium-catalyzed addition of zincorganyls to carbonyl compounds. We were able to reach high yields using TMSCl as a scavenger and cerium(III)-chloride as catalyst in THF. Using CeCl 3 ×(THF) 2 and Ce(i-PrO) 3 in toluene, respectively, it is possible to avoid the TMSCl mediated addition. Future efforts will be directed towards variation of ligands for the applied cerium catalyst in order to improve the chemical yields as well as to run this process in an asymmetric fashion. 
